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Vertex Assembly and Vertex Shader ESfﬁW’EQSU.%é‘ H FU ,)’

A4

drawArrays () oder
drawElements ()

Search for all attributes of a single vertex from potentially multiple

vertex buffers
Primitive Assembly Vertex Shader
< oeselation Shadin > Transformation of the vertex into clip coordinates (e.g. depending on
’ the current camera / scene transformation)
< Geometry Shading > Generation or transformation of further vertex attributes (e.g. normals,
texture coordinates, colors)
Clipping Lighting calculation per vertex (unusual nowadays)

Rasterization

< Fragment Shading >

Framebuffer Ops

Vertex
ﬁ
Shader




Configuration of the pipeline: install vertex shader Egﬁfﬁ’ggﬁé’ﬂ HFU 9’

A4

Vertex Assembly

in vecd4 aVertexColor;

uniform mat4 uModelViewMatrix; What g|oba| data

uniform mat4 uProjectionMatrix; does the shader expect?
out vec4 vColor;

Tesselation Shading

L void main () {

gl Position = uProjectionMatrix *

uModelViewMatrix *
aPosition;

Clipping
vColor = aVertexColor;

Framebuffer Ops

Geometry Shading




HOCHSCHULE
Transformation in vertex shader umenees | H U ,)’

&

in: Vertex attribute, receives data from an attribute buffer
(VBO)
The position is potentially different for each vertex.

l Two matrices are passed as global
variables (uniform); they are
in vec4 aPosition; constant for all vertices during a
*
uniform mat4 uModelViewMatrix; / g1.draw*() command. &>
=
uniform mat4 uProjectionMatrix; L
wn
>0
o
void main () { )
gl Position = uProjectionMatrix * uModelViewMatrix * '@
- —
aPosition; <2

Matrix multiplications are read from right to left: first apply

Goal: gl_Position must ' ‘ : ! )
uModelViewMatrix, then uProjectionMatrix.

contain the vertex position in clip
coordinates after the shader has
been executed.
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Modeling transformation iieey HFU ,)’

World coordinate system
y4 Tw =F -2,
Ty = F3-Fy- F1 -2,

composite transformations

o
Y Object coordinate system

a1 a2z aiz t

a1 Q22 G23 ty

az1 asz asz t
0 0 0 1

F(z,y,z,w) =

S nve 8
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View transformation F“SW@RS&M H FU 9’

'+ World coordinate system

Fwo'r’ld—>v7lew

e

el

y

Camera coordinate system

FmodelV’iew - world—>viewFobject—>world




Projection transformation

Camera coordinate system

F’U’ie'w— >clip
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Canonical view volume (aka clip space)

T

A




Clip space

('1919'1)

('1’1,1)

(LLI)

(0,0,0)

(1,1"1)

(-1,-1,1)

('19'19'1)

(12-19'1)

(ls'lal)
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Viewport - Transformation F”S&Y&’ERSE’H H FU ,)’

Vertex Assembly

= Vertex shader returns position in canonical
volume before perspective division

Primitive Assembly

Tesselation Shading T
. I
Geometry Shading /
= Clipping
Clipping \ »
|

Perspective division

(1,11)

vl L v (-1,1.-1)
z We Zec
1 We

Framebuffer Ops

= Viewport transformation (window coordinates)




HOCHSCHULE
Transformation chain from model to clip coordinates F”S&Y&’ERSE’H HFU ,)’

A4

Often combined to form the model view matrix

A
| |

Model Camera-/ View-

. . Projection
transformation transformation J
> V > E P >
.0‘ M W D Y C
Object / model / local World Eye / camera Clip-
coordinates coordinates coordinates coordinates

Yy X |

, Y. 47




HOCHSCHULE
Die Transformationskette von Modell- in Clipkoordinaten F”S&Y&’EHSE%‘ HFU ,)’

N —4

Matrix chain

Vertex in Vertex in
clip coordinates model coordinates

Attention order!

+  The vertex to be transformed is on the right

«  The transformations are multiplied in sequence from the left
*  Read from right to left




HOCHSCHULE

Effect of the model-view-transformation matrix FONIVERSITY

|dentity Rotation around X-axis Rotation around X- and Y-
axis

Who is actually rotating here, the camera or the scene?

*  The model view matrix is a relative transformation
between two coordinate systems

* Rotation of the scene corresponds to opposite rotation of
the camera, one transformation is the inverse of the other

HFU:,))

&
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Effect of the projection matrix FU{}WQES&%\HFU ’)’
A\ —4

Orthographic projection Perspective projection

Orthographic projection (“telephoto lens”)
 Parallel lines remain parallel

Perspective projection (“wide-angle lens”)

» “Oblique” projection with a selectable aperture angle
 Falling lines, distant objects appear smaller




Orthographic projection ESffﬁéﬁﬁ%‘ﬂHFU ,)’
A\ —4

lllustration by Song Ho Ahn, www.songho.ca

Camera coordinates Clip coordinates
2 _r4l -1,1,1)

(= 00 =A
(htn I -Z 2 t4b
N 0 = 0 -=
=2 f4n
0 O f—‘n- f—'n

+Z +X
\ () () () 1 )

(1,-1,-1)

Projection matrix
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Perspective projection F“SI,YV;QS.EM HFU ,)’
A\ —4

lllustration by Song Ho Ahn, www.songho.ca

Camera coordinates Clip coordinates
(-1,1,1)
In a
(0 00
2n t4b
0= =0

| (1,-1,-1)

Projection matrix




